Purpose: To study the cardioprotective effects of the total flavonoids from the roots of Polygonum cuspidatum Sieb. et Zucc. (FHZ) 
INTRODUCTION
Acute myocardial infarction (AMI) resulting from coronary artery occlusion is a severe disease with a high mortality worldwide [1, 2] . In China, more than 700,000 individuals die of AMI every year [3] . It was reported that AMI can lead to necrosis and initiate chronic cardiac dysfunction and pathological cardiac remodelling [4] . Although there are advances in the treatment of AMI, the irreversible loss of cardiomyocytes still leads to left ventricular remodeling and ischemic heart failure [5] . Therefore, it is vital to identify novel therapeutic drugs for the treatment of AMI. An increasing number of studies has found that traditional Chinese medicine (TCM) and its derived agents have remarkable effects in treating miscellaneous disorders, such as myocardial ischemia diseases [6, 7] . Polygonum cuspidatum Sieb. et Zucc. (PSZ) is a herbaceous perennial plant belonging to the genus Polygonum [8] . Its dried root (Huzhang, in Chinese) has been widely used as a TCM in China for thousands of years for the treatment of conditions such as cough, hepatitis, jaundice, arthralgia and snake bites [9] . Studies have shown that Huzhang possesses favorable therapeutic effects on hyperlipidemia, hypertension, and cardiovascular and neurodegenerative diseases [10] . Huzhang contains abundant active constituents such as flavonoids, quinones, stilbenes, coumarins and lignans. However, not much is known about the pharmacological effects of flavonoids extracted from Huzhang (FHZ).
The present study was designed to optimize the ultrasonic-assisted extraction conditions of the total flavonoids from the roots of Polygonum cuspidatum Sieb. et Zucc. using RSM and to investigate the cardioprotective effects of FHZ in mice with experimental myocardial infarction.
EXPERIMENTAL

Chemicals and reagents
Rutin standard was purchased from the National Institute for Food and Drug Control (Beijing, China); Cardiac troponin T (cTnT), creatine phosphokinase (CPK), lactate dehydrogenase (LDH), lipid peroxide (LPO), malondialdehyde (MDA), and superoxide dismutase (SOD) enzyme-linked immunosorbent assay (ELISA) kits were obtained from Nanjing Jiancheng Bioengineering Institute (Nanjing, China). Masson's Trichrome stain kit was obtained from Solarbio Life Science (Beijing, China). Other chemicals and reagents were of analytical grade.
Extraction of flavonoids from Huzhang (FHZ)
Dried Huzhang was collected from the Anguo Chinese herbal medicine market (Anguo, China) and was authenticated by the Pharmacognosy Department in Beijing Tongren Hospital (Beijing, China). A voucher specimen (SH1007-3) has been stored in the herbarium of Beijing Tongren Hospital (Beijing, China). The dried Huzhang was powdered and sifted through a standard sieve (internal diameter 420 μm). The powder was extracted by ultrasound using a KQ-5200 ultrasonic extractor (Kunshan Ultrasonic Instrument Co., Ltd, Kunshan, China) with extraction parameters (Table 1 ). The total flavonoid content was determined after extraction according to a modified method [11] using rutin as a standard. 
Experimental design
The effects of the the ethanol concentration (A), liquid-solid ratio (B), and extraction time (C) on the extraction yield were investigated. Optimization of the ultrasound extraction of FHZ was carried out using response surface methodology (RSM) [12] and a three-factor, three-level Box-Behnken design (BBD) consisting of 17 experimental runs was empolyed ( Table 2 ). The FHZ content (%) was calculated as the response value of the RSM.
Animals
Male C57BL/6 adult mice (8 weeks old, 20 ± 2 g) were obtained from Shanghai Animal Administration Center (Shanghai, China). The mice were free access to food and water, and were housed in a standard enviroment. All animal experiments were authorized by the Ethics Committee of Beijing Tongren Hospital, Beijing, China (approval no. AM2017-17) and carried out according to the guidelines of "The Guide for the Care and Use of Laboratory Animals" (NIH Publication no. 85-23, revised 1996) [13] .
Infarct model and groups
The mice were anesthetized intraperitoneally with chloral hydrate and the myocardial infarction (MI) model was established by permanent ligation of the left anterior descending (LAD) branch of the coronary artery [14] . Negative control mice underwent the same surgery without LAD ligation. After the MI model was established, the mice were treated with different doses of FHZ (120, 240, and 480 mg/kg) by intragastric administration once a day for 2 weeks.
cTnT level in serum of mice
On days 3 and 7 after FHZ administration, blood was collected from the tail vein of mice and the serum samples were prepared. The level of cTnT in the serum of mice was assayed using ELISA kit according to the manufacturer's instructions.
CPK, LDH, LPO, MDA and SOD levels in the serum of mice
After 2 weeks of administration, the mice were killed by picking up the eyeball and the blood was collected. Serum was prepared by centrifugation and CPK, LDH, LPO, MDA, and SOD levels were evaluated by ELISA.
Myocardial infarction size
The hearts of the mice were removed and heart tissues were used to measure the myocardial infarction size (MIS) by Masson's Trichrome staining 2 weeks after MI, as previously described [15] . The areas of infarction and area of the whole left ventricle (LV) were assessed by computer morphometry using Image J software (NIH Image, Bethesda, MD, USA). MIS was calculated using Eq 1.
MIS (%) = (A 1 /A 2 )100 …………. (1) where A1 is the area of infarction, and A2 is the area of whole LV
Statistical analysis
The data are presented as mean ± standard deviation (SD). Design Expert (version 8.0.6.1, Stat-Ease, Inc., USA) and SPSS software (version 19.0, IBM Corporation, NY, USA) were used to analyze the data. One-way analysis of variance (ANOVA) was used to analyze the difference between different groups, and p < 0.05 was considered statistically significant.
RESULTS
Model fitting and RSM data
In the present study, a BBD with three factors and three levels was used. The experimental design of the BBD and results of 17 experiments are shown in Table 2 The ANOVA for the quadratic model is shown in Table 3 . The results show that the model is of high significance with a very low p-value (<0.0001). The determination coefficient value (R 2 ) of 0.9834 indicated a significant correlation between the predicted values and actual values. Lack of fit was not significant (p = 0.1395), indicating that variation can be predicted by the quadratic model. In this model, the linear parameter C and all the interaction and quadratic parameters were significant (p < 0.05) for FHZ content.
The interactions between the parameters were also shown in the 3D response surface plot of RSM (Figure 1 ). 
Optimized and verified results
The optimum extraction conditions obtained by Design Expert software were as follows: an ethanol concentration of 69.03 %, a liquid-solid ratio of 27.14 g/mL, and an extraction time of 30.30 min. Verification experiments using these conditions showed that experimental content of FHZ (7.61 %) was consistent with the predicted value (7.55 %) indicating that the obtained extraction conditions in the present study were accurate and reliable. 
Serum cTnT levels in mice
As shown in Figure 2 , the cTnt level in the negative control group was significantly increased (p < 0.01), indicating that the MI model was successfully established. Interestingly, after treatment with FHZ (120, 240, and 480 mg/kg) for 3 and 7 days, the cTnT level in the serum of MI mice was significantly decreased. 
CPK, LDH, LPO, MDA and SOD levels in mouse serum
The serum levels of CPK, LDH, LPO, MDA, and SOD in the mice were evaluated by ELISA, and the results are shown in Figure 3 . The levels of CPK, LDH, LPO, and MDA in negative control group were obviously increased (p < 0.01), while the level of SOD was decreased (p < 0.01), compared with those in normal control group.
After FHZ adiministration for two weeks, CPK, LPO, MDA levels were significantly decreased at all the tested doses (p < 0.05, p < 0.01 and p < 0.01, respectively), while the LDH was decreased at the doses of 240 and 480 mg/mL (p < 0.05 and p < 0.01, respectively). FHZ also significantly and dose-dependently increased the levels of SOD (p < 0.01) in the serum of mice, compared with those in mice in negative control group. 
MIS levels
Myocardial infarction was obvious in the negative control group and MIS was larger (p < 0.01) than that in normal control (Figure 4 ). Treatment with FHZ (120, 240, and 480 mg/kg) for two weeks significantly decreased the MIS (p < 0.01) in MI model mice. 
DISCUSSION
Flavonoids are known bioactive compounds, and many studies have focused on the extraction optimization of flavonoids and their pharmacological activities [16] . Ultrasoundassisted extraction (UAE) is a more effective technique than other extraction methods to extract flavonoid compounds from plant sources [17, 18] . Moreover, RSM is usually applied to investigate the effects of UAE parameters on the extraction of flavonoids from herbs. It is widely used to study the relationships between the response value and designed variables [19] .
In the present study, the extraction parameters of total flavonoids from Huzhang were optimized by employing RSM, and the results indicated that the obtained extraction conditions by RSM were accurate and reliable. cTnT is a regulatory contractile protein, and it is found in blood when the myocardial cells are damaged. Therefore, it is usually used as a sensitive and specific marker for myocardial cell damage [20] . Myocardial necrosis caused by local ischemia and hypoxia is one of the main causes of MI-induced heart failure. Reducing MIS and improving myocardial function have become the main therapeutic targets of drugs against MI [21] . In the present study, FHZ treatment decreased the serum cTnT level and MIS value in the MI mice, indicating that FHZ had therapeutic effects on MI.
Myocardial ischemia often leads to oxidative stress and can be evaluated by using the LPO, MDA, and SOD levels, and some myocardial enzymes including CPK and LDH were often used as indicators of myocardial injury evaluation [7, 22] . The results showed that FHZ decreased the serum levels of CPK, LPO, MDA, and LDH, and increased the SOD level in MI mice, demonstrating that FHZ protected against MI by attenuating oxidative stress and decreasing the levels of myocardial enzymes.
CONCLUSION
RSM is a useful tool for the optimization of extraction conditions for FHZ by ultrasonicassisted extraction. The results also indicate that FHZ possesses significant cardioprotective effects in experimental myocardial infarction in mice. Thus, it has the potential to be developed into cardioprotective drugs for the treatment of MI. 
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